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the outer portion (21a). The outer portion (21a) is
connected to the inner portion (22a) through a plur-
ality of spokes (6a), and the rotor core (2a) is adap-
ted to be connected to a rotor shaft by a shrink fit.
Each of the spokes (6a) comprises at least one skew
portion (61a) extending in a spoke angle (a.,) relative
to a radial direction of the rotor core (2a), the spoke
angle being greater than 30°.
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ROTOR FOR ELECTRIC MACHINE AND ELECTRIC MACHINE COMPRISING THE
SAME

FIELD OF THE INVENTION

The invention relates to a rotor for an electric machine.

A known rotor for an induction machine comprises a rotor core
having an outer portion and an inner portion located closer to the rotation axis
of the rotor core than the outer portion, the outer portion being connected to
the inner portion through a plurality of spokes, each one of which extends in a
radial direction. The spokes are spaced apart from each other in
circumferential direction such that there is an axial cooling channel between
each two adjacent spokes. Said known rotor further comprises a rotor shaft
connected to the rotor core by a shrink fit.

One of the disadvantages associated with the above rotor is that the
shrink fit between the rotor core and the rotor shaft loosens substantially when
the rotor heats during use. An outer surface of an induction machine rotor
heats more during operating conditions than an outer surface of a rotor of a
permanent magnet machine, for example. Depending on the design, a shrink
fit between a rotor core and a rotor shaft of an induction machine may be able
to transfer only 30 % of torque in operating temperature compared with a
situation where the rotor is cold. Increasing a tightness of a shrink fit is likely to
incur curving of the rotor shaft. Therefore it is difficult to provide a practical
shrink fit between the rotor core and the rotor shaft.

BRIEF DESCRIPTION OF THE INVENTION

An object of the present invention is to provide a rotor for an electric
machine and an electric machine comprising the rotor so as to alleviate the
above disadvantages. The objects of the invention are achieved by a rotor and
an electric machine described in the following.

The invention is based on the idea of redesigning spokes
connecting an outer portion and an inner portion of a rotor core such that radial
transfer of forces between the outer portion and the inner portion of the rotor
core is reduced. Each of the redesigned spokes is a flexible spoke comprising
a skew portion extending in a non-radial direction. The skew portions of the
spokes make geometry of the rotor core more flexible thereby reducing
transfer of forces in radial direction between the outer portion and the inner
portion of the rotor core. The skew portions allow each spoke to deform when
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a surface of a rotor heats more than inner parts of the rotor.

In an embodiment a torque transfer capability of a shrink fit between
a rotor core and a rotor shaft is further improved by providing an outer portion
of the rotor core with a plurality of small cooling channels such that cooling of
the outer portion of the rotor core is improved. The plurality of small cooling
channels increase total cooling area of the cooling channels compared with
fewer large cooling channels. This decreases a temperature difference
between the outer portion and the inner portion of the rotor core thereby
improving the tightness of the shrink fit between the rotor core and the rotor
shaft in operating conditions. Further, providing an outer portion of a rotor core
with a plurality of small cooling channels improves rotational symmetry of the
rotor core and enables symmetrical distribution of magnetic flux even when the
cooling channels are located close to rotor bars.

An advantage of the invention is that contact pressure at a shrink fit
between a rotor core and a rotor shaft is less affected by heating of an outer
surface of the rotor core than in the case of the prior art design with radial
spokes. In a rotor according to the invention a radial outwards directed force
exerted by an outer portion of a rotor core on an inner portion of the rotor core
is in operating conditions smaller than in the known rotor. Therefore the shrink
fit maintains its torque transfer capability in operating conditions better than the
shrink fit of the known rotor with radial spokes. This means that a less tight
shrink fit can be manufactured without fear of the shrink fit disengaging in
operating conditions.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following the invention will be described in greater detail by
means of preferred embodiments with reference to the attached drawings, in
which

Figure 1 shows a rotor core according to an embodiment of the
invention as seen from an axial direction of the rotor core;

Figure 2 shows an enlargement of a portion of the rotor core of
Figure 1;

Figures 3 to 9 show rotor cores according to alternative
embodiments of the invention;

Figure 10 shows a rotor core comprising a plurality of rotor sheets
stacked in an axial direction;
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Figure 11 shows a rotor comprising the rotor core of Figure 10 and a
rotor shaft connected to the rotor core by a shrink fit; and

Figure 12 shows a rotor core according to an embodiment of the
invention in which each spoke is connected to an outer portion of the rotor core
through two outer branches, and to an inner portion of the rotor core through
an inner branch.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 shows a rotor core 2a having an outer portion 21a and an
inner portion 22a located closer to the rotation axis of the rotor core 2a than
the outer portion 21a. The outer portion 21a is connected to the inner portion
22a through a plurality of spokes 6a. The outer portion 21a comprises a
plurality of cooling channels 4a, each of which extends through the rotor core
2a in axial direction and is adapted for a flow of a cooling medium such as air.
The inner portion 22a comprises a central aperture 25a adapted to receive a
rotor shaft for connecting the rotor core 2a to the rotor shaft by a shrink fit.

Shrink-fitting is a well-known technique in which an interference fit is
achieved by a relative size change after assembly. A shrink fit between a rotor
core and a rotor shaft may be achieved by heating the rotor core before
assembly and allowing it to return to the ambient temperature after assembly.
Such a shrink-fitting exploits thermal expansion.

Each of the spokes 6a comprises a skew portion 61a extending in a
spoke angle a, relative to a radial direction of the rotor core 2a. The spoke
angle a, is measured relative to a centre line of the spoke 6a. The spoke angle
0, is approximately 80°, depending on the location where the spoke angle is
measured. The spoke angle a, is in its maximum at an inner end of the spoke
6a. The inner end of the spoke 6a is the end which is located adjacent the
inner portion 22a of the rotor core 2a. An outer end of the spoke 6a is the end
which is located adjacent the outer portion 21a of the rotor core 2a.

A length of a skew portion affects flexibility of a corresponding
spoke. In Figure 1 a length of a skew portion 61a is roughly 0.07 times a
diameter of the rotor core 2a. In alternative embodiments a length of a skew
portion is in a range of 0.04 to 0.15 times a diameter of the rotor core. In some
embodiments a spoke comprises more than one skew portion such that a total
length of a flexible portion of the spoke is a sum of the lengths of the more than
one skew portion. An example of such an embodiment is depicted in Figure 6.
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During operation of an electric machine comprising the rotor core 2a
the outer portion 21a of the rotor core 2a heats up and expands. However,
only a small outwards directed force is exerted on the inner portion 22a of the
rotor core 2a through the plurality of spokes 6a. Due to the form of the spokes
6a they have a good torque transfer capability between the outer portion 21a
of the rotor core 2a and the inner portion 22a of the rotor core 2a while they
transfers only little force in the radial direction. The spokes 6a provide a very
flexible connection in the radial direction between the outer portion 21a of the
rotor core 2a and the inner portion 22a of the rotor core 2a. Due to the flexible
spokes 6a heat expansion of the outer portion 21a of the rotor core 2a affects
only little a torque transfer capability of a shrink fit between the rotor core 2a
and a rotor shatft.

A width of a spoke is chosen such that the spoke has desired
flexibility so that thermal expansion of an outer portion of the rotor core does
not affect excessively on the torque transfer capability of the shrink fit between
the rotor core and the rotor shaft. A number of the spokes is chosen such that
the plurality of spokes is able to transfer sufficiently torque between the outer
portion of the rotor core and the inner portion of the rotor core.

The plurality of cooling channels comprises a first group 41a of
cooling channels at a first distance from a rotation axis of the rotor core 2a, a
second group 42a of cooling channels at a second distance from the rotation
axis of the rotor core 2a, and a third group 43a of cooling channels at a third
distance from the rotation axis of the rotor core 2a. Each group of cooling
channels is located at a different distance from the rotation axis of the rotor
core 2a than the rest of the cooling channel groups. The first group 41a of
cooling channels is the outermost group, the third group 43a of cooling
channels is the innermost group, and the second group 42a of cooling
channels is located between the first group 41a and the third group 43a in
radial direction.

A cross section of each of the plurality of cooling channels 4a is
substantially circular, and a diameter of each of the plurality of cooling
channels 4a is less than 0.03 times a diameter of the rotor core 2a. In
alternative embodiments a diameter of each of the plurality of cooling channels
is 0.06 times a diameter of the rotor core or less. Further, in alternative
embodiments cross section of cooling channels may have a shape different
than circular, such as an oval or a polygonal shape. Also, in some
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embodiments separate cooling channels are omitted, and cooling of a rotor
core is realized by a flow of a cooling medium through gaps between the
spokes. In embodiments which do comprise separate cooling channels, a
number of cooling channels and a number of cooling channel groups can vary.
Also, one group of cooling channels may have different size cooling channels
than another group of cooling channels.

Figure 2 shows an enlargement of a portion of the rotor core 2a.
Figure 2 is provided with arrows 5a1 to 5a3 depicting directions of forces
induced by temperature difference between the outer portion 21a and the inner
portion 22a of the rotor core 2a. Figure 2 shows that a force present in a skew
portion 61a extends in a direction parallel to the skew portion 61a. The force is
almost tangential and therefore it rotates the outer portion 21a slightly relative
to the inner portion 22a.

The rotor core 2a comprises a plurality of rotor slots 23a on
periphery thereof. Each rotor slot 23a is adapted to receive a corresponding
rotor bar (not depicted).

Figures 3 to 9 show rotor cores according to alternative
embodiments of the invention. Reference signs of Figures 3 to 9 correspond to
those of Figure 1 such that a particular feature is denoted in these figures with
reference signs having a common numeric part in the beginning of reference
sign. Each reference sign further comprises a letter identifying the embodiment
in question. Reference signs of Figure 1 comprise letter “a”, and the reference
signs of Figures 3 to 9 comprise letters “b” to “h”, respectively.

In Figures 3 to 9 an outer surface of each rotor core is depicted as a
smooth circular surface. However, each rotor core design of Figures 3 to 9 can
be provided with rotor slots similar to those depicted in Figures 1 and 2.
Further, all rotor core designs of Figures 1 to 9 can be used in many types of
electric machines, and not only in induction machines. An outer surface of a
rotor core is shaped according to requirements of a machine type in question
while the design of spokes and inner portion of the rotor core may remain the
same.

Figures 1 to 9 show that a form and a size of a spoke vary in
different embodiments, and so does the spoke angle a. In general case the
spoke angle a is greater than 30°.

A spoke can be a straight or a curved element. Also, a spoke can
have both straight and curved portions. In the embodiment of Figure 1 each
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skew portion 61a extends linearly. In the embodiment of Figure 7 the entire
spoke 6f extends linearly. In the embodiment of Figure 6 each spoke 6e is a
curvilinear member having a wide U-shaped form connecting the outer portion
21e and the inner portion 22e of the rotor core 2e. Accordingly skew portions
61e1 and 61e2 are also curvilinear members and spoke angles 0.1 and 02 are
not constant throughout the skew portions.

In general case each of the spokes connecting an inner portion and
an outer portion of a rotor core comprises at least one skew portion extending
in a spoke angle relative to a radial direction of the rotor core. In embodiment
of Figure 5 each spoke 6d has two branches 6d1 and 6d2 adjacent the inner
portion 22d of the rotor core 2d. The branches 6d1 and 6d2 are mirror images
of each other with relation to radial direction of the rotor core 2d. The branch
6d1 comprises a skew portion 61d1 extending in a spoke angle ay4 relative to a
radial direction of the rotor core 2d, the spoke angle a4 being approximately
90° in a laterally outer portion of the branch 6d1. Herein the laterally outer
portion is the portion of the branch 6d1 that is located furthest from the radial
centre line of the spoke 6d. Due to the symmetry of the branches, the branch
6d2 comprises a skew portion 61d2 extending in a spoke angle a4 relative to a
radial direction of the rotor core 2d, the spoke angle a4z being approximately
90° in a laterally outer portion of the branch 6d2.

In Figure 5, the branches 6d1 and 6d2 form a cavity 7d between the
inner portion 22d of the rotor core 2d and the spoke 6d. The cavity 7d is
symmetrical with relation to radial direction of the rotor core 2d. A radial
dimension of the cavity 7d has its maximum at the symmetry axis of the cavity
7d, and the radial dimension of the cavity 7d decreases outwards from the
symmetry axis. Herein the radial dimension refers to dimension parallel to the
radial direction of the rotor core.

The cavity 7d provides flexibility between the inner portion 22d of
the rotor core 2d and the spoke 6d. The cavity 7d is adapted to change its size
and shape as a response to radial forces between the outer portion 21d and
the inner portion 22d of the rotor core 2d. Therefore also the spoke 6d is
adapted to change its shape as a response to radial forces between the outer
portion 21d and the inner portion 22d of the rotor core 2d. This makes the
spoke 6d a flexible member whose capability to transfer forces in radial
direction is weak. Accordingly a temperature difference between the outer
portion 21d and the inner portion 22d of the rotor core 2d does not
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substantially affect the size of the central aperture 25d of the rotor core 2d.

The rotor core 2g of Figure 8 has two types of spokes such that
each first type spoke 6g1 extends in a spoke angle ags relative to a radial
direction of the rotor core 2g, and each second type spoke 6g2 extends in a
spoke angle ag. relative to a radial direction of the rotor core 2g. The spoke
angles ag1 and ag2 have identical absolute values but opposite signs such that
the first type spokes 6g1 and the second type spokes 6g2 are mirror images of
each other with relation to radial direction of the rotor core 2g.

Figure 9 shows a rotor core 2h whose outer portion 21h is
connected to the inner portion 22h through a plurality of spokes 6h1 and 6h2.
Each spoke 6h1 comprises an outer skew portion 61h11 and an inner skew
portion 61h12. The outer skew portion 61h11 is located adjacent the outer
portion 21h of the rotor core 2h, and the inner skew portion 61h12 is located
adjacent the inner portion 22h of the rotor core 2h.

The outer skew portion 61h11 extends in a spoke angle an11 relative
to a radial direction of the rotor core 2h. The spoke angle a11 is approximately
60°. The inner skew portion 61h12 extends in a spoke angle an2 relative to a
radial direction of the rotor core 2h. The spoke angle a2 is approximately 90°.
The spoke angles ani1 and an12 have opposite signs.

The spokes 6h1 and 6h2 are mirror images of each other with
relation to radial direction of the rotor core 2h. Each spoke 6h1 is connected to
an adjacent spoke 6h2 through its middle portion located between the outer
skew portion 61h11 and the inner skew portion 61h12. Further, each spoke
6h1 is connected to another adjacent spoke 6h2 through its outer portion
located adjacent the outer portion 21h of the rotor core 2h.

There is a cavity 7h between the inner portion 22h of the rotor core
2h and the connected inner skew portions 61h12 and 61h22. The cavity 7h is
symmetrical with relation to radial direction of the rotor core 2h. The cavity 7h
extends in a substantially tangential direction. Herein the tangential direction
refers to the tangential direction of the rotor core. A radial dimension of the
cavity 7h is substantially constant throughout the cavity 7h. The cavity 7h is
adapted to change its size and shape as a response to radial forces between
the outer portion 21h and the inner portion 22h of the rotor core 2h.

Figure 12 shows a rotor core 2j having an outer portion 21j and an
inner portion 22j located closer to the rotation axis of the rotor core 2j than the
outer portion 21j. The outer portion 21j is connected to the inner portion 22j
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through a plurality of spokes 6j which provide a very flexible connection in the
radial direction between the outer portion 21j of the rotor core 2j and the inner
portion 22j of the rotor core 2j. Due to the flexible spokes 6] heat expansion of
the outer portion 21j of the rotor core 2] affects only little a torque transfer
capability of a shrink fit between the rotor core 2j and a rotor shaft. The inner
portion 22j comprises a central aperture 25j adapted to receive a rotor shaft for
connecting the rotor core 2j to the rotor shaft by a shrink fit.

Each spoke 6j is connected to the outer portion 21j of the rotor core
2j through two outer branches denoted with reference signs 66j and 67j, and to
the inner portion 22j of the rotor core 2j through an inner branch 68j. The outer
branches 66j and 67 are located at a distance from each other in a
circumferential direction of the rotor core 2j. Each spoke 6j comprises a skew
portion 61j connected to the two outer branches 66j and 67j and to the inner
branch 68j. The spoke 6j is symmetric with respect to a centre line of the inner
branch 68j. A spoke angle of the skew portion 61j is 90°.

Each of the outer branches 66j and 67] extend substantially in radial
direction. Also the inner branch 68 of the spoke 6j extends substantially in
radial direction. The skew portion 61j extends substantially in tangential
direction. The skew portion 61j is a curved part a centre line of which extends
substantially in tangential direction throughout the skew portion 61j. In an
alternative embodiment a skew portion of a spoke extends linearly between
two outer branches, and a centre line of the skew portion is tangential at an
inner branch of the spoke.

The skew portion 61j is located closer to the inner portion 22j of the
rotor core 2j than the outer portion 21j of the rotor core 2j. This means that
outer branches 66j and 67j of the spoke 6j are longer than the inner branch 68j
of the spoke 6j. Further, distance between the skew portion 61j and the outer
portion 21j of the rotor core 2j is greater than distance between the skew
portion 61j and the inner portion 22j of the rotor core 2.

The skew portion 61j, the two outer branches 66j and 67j, and the
outer portion 21j of the rotor core 2j define an outer intermediate cooling
channel 46j extending through the rotor core 2j in axial direction and being
adapted for a flow of a cooling medium. The outer intermediate cooling
channel 46j is located between the outer branches 66j and 67j of the spoke 6]
when seen in a circumferential direction of the rotor core 2j. Adjacent spokes 6j
define, together with the outer portion 21j and the inner portion 22j of the rotor
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core 2j, an inner intermediate cooling channel 47j extending through the rotor
core 2j in axial direction and being adapted for a flow of a cooling medium.

The rotor core 2j does not comprise cooling channels located in the
outer portion 21j of the rotor core 2j. However, it is possible to modify the rotor
core 2j by introducing cooling channels to the outer portion 21j of the rotor core
2j. In an embodiment a rotor core is provided with spokes of Figure 12
between inner and outer portion of the rotor core, and a plurality of cooling
channels of Figure 1 located in the outer portion of the rotor core.

In Figure 12 an outer surface of the rotor core 2j is depicted as a
smooth circular surface. However, the rotor core of Figure 12 can be provided
with rotor slots similar to those depicted in Figures 1 and 2. The rotor core
design of Figure 12 can be used in many types of electric machines. An outer
surface of a rotor core is shaped according to requirements of a machine type
in question while the design of spokes and inner portion of the rotor core may
remain the same.

Each of the rotor cores of Figures 1 to 9 and 12 may be used in an
electric machine of an azimuth thruster of a ship. In an embodiment a nominal
power of an electric machine comprising a rotor according to the invention is
greater than or equal to 100 kW.

In an embodiment a rotor core according to the invention comprises
a plurality of rotor sheets stacked in an axial direction. Any one of the rotor
cores of Figures 1 to 9 and 12 may be constructed as such a rotor core.

A principle structure of a rotor core comprising a plurality of rotor
sheets stacked in an axial direction is depicted in Figure 10. Figure 11 shows a
rotor comprising the rotor core 2i of Figure 10 and a rotor shaft 3i connected to
the rotor core 2i by a shrink fit. The rotor core 2i comprises rotor sheets RS1,
RS2, RS3, RS4, RS5 and RS6 stacked in an axial direction. Each of the rotor
sheets RS1 — RS6 is manufactured by a punching process from a metal plate.
Each of the rotor sheets RS1 — RS6 is identical with the rest of the rotor
sheets.

It will be obvious to a person skilled in the art that the inventive
concept can be implemented in various ways. The invention and its
embodiments are not limited to the examples described above but may vary
within the scope of the claims.
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CLAIMS

1. A rotor for an electric machine, the rotor comprising a rotor core
(2a) having an outer portion (21a) and an inner portion (22a) located closer to
the rotation axis of the rotor core (2a) than the outer portion (21a), the outer
portion (21a) being connected to the inner portion (22a) through a plurality of
spokes (6a), and the rotor core (2a) being adapted to be connected to a rotor
shaft by a shrink fit, characterized in that each of the spokes (6a) comprises
at least one skew portion (61a) extending in a spoke angle (a,) relative to a
radial direction of the rotor core (2a), the spoke angle being greater than 30°.

2. A rotor according to clam 1, characterized in that the
rotor comprises a plurality of cooling channels (4a) located in the outer portion
(21a) of the rotor core, each of the plurality of cooling channels (4a) extending
through the rotor core (2a) in axial direction and being adapted for a flow of a
cooling medium.

3. A rotor according to claim 2, characterized in that the
plurality of cooling channels (4a) comprises a first group (41a) of cooling
channels at a first distance from a rotation axis of the rotor core (2a) and a
second group (42a) of cooling channels at a second distance from the rotation
axis of the rotor core (2a), and a diameter of each of the plurality of cooling
channels (4a) is 0.06 times a diameter of the rotor core (2a) or less.

4. A rotor according to any one of clams 1 to 3,
characterized inthatthe rotoris a rotor for an induction machine.

5. A rotor according to any one of claims 1 to 3,
characterized in that the rotor core (2i) comprises a plurality of rotor
sheets (RS1, RS2, RS3, RS4, RS5, RS6) stacked in an axial direction.

6. A rotor according to claim 5, characterized in that the
rotor comprises a rotor shaft (3i) connected to the rotor core (2i) by a shrink fit.

7. A rotor according to any one of preceding claims,
characterized inthat each of the spokes (6j) is connected to the outer
portion (21j) of the rotor core (2)) through two outer branches (66j, 67j), and to
the inner portion (22)) of the rotor core (2)) through an inner branch (68)).

8. A rotor according to claim 7, characterized in that each
of the spokes (6j) comprises a skew portion (61j) connected to the two outer
branches (66j, 67j) and to the inner branch (68j).

9. A rotor according to claim 8, characterized in that the
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skew portion (61)) extends substantially in tangential direction.

10. A rotor according to any one of clams 7 to 9,
characterized in that each outer branch (66j, 67j) and inner branch
(68)) extend substantially in radial direction.

11. A rotor according to any one of claims 8 to 10,
characterized in that the skew portion (61j) is located closer to the
inner portion (22j) of the rotor core (2j) than the outer portion (21j) of the rotor
core (2j).

12. A rotor according to any one of claims 8 to 11,
characterized in that the skew portion (61j), the two outer branches
(66j, 67]) and the outer portion (21j) of the rotor core (2j) define an outer
intermediate cooling channel (46j) extending through the rotor core (2j) in axial
direction and being adapted for a flow of a cooling medium.

13. A rotor according to any one of claims 8 to 12,
characterized in that adjacent spokes (6j) define, together with the
outer portion (21j) and the inner portion (22j) of the rotor core (2j), an inner
intermediate cooling channel (47j) extending through the rotor core (2j) in axial
direction and being adapted for a flow of a cooling medium.

14. An electric machine comprising a rotor and a stator,
characterized in that the rotor of the electric machine is a rotor
according to any one of claims 1 to 13.

15. An electric machine according to claim 14,
characterized in that a nominal power of the electric machine is
greater than or equal to 100 kW.



PCT/EP2016/065165

WO 2017/001490

1/10

21a

4a

©
—
<




Fig. 2

2/10




PCT/EP2016/065165

WO 2017/001490

3/10

21b

c°o
o

S0
0000
O oo O

oNe
OCopo0

O
O
O

O



WO 2017/001490

4/10

PCT/EP2016/065165

Fig. 4




5/10




WO 2017/001490 PCT/EP2016/065165

i Fig. 6




WO 2017/001490 PCT/EP2016/065165

" Fig. 7




WO 2017/001490 PCT/EP2016/065165

7 Fig. 8




9/10







INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2016/065165

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO2K1/28 HO2K1/32
ADD. HO2K1/30

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HOZ2K

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 2000 092762 A (TOSHIBA CORP) 1-15
31 March 2000 (2000-03-31)
abstract; figures 1,3,6,7
paragraphs [0004], [0009], [0010]
paragraphs [0012], [0023], [0031] -
[0035]
X US 20147225470 Al (YAMAGUCHI TADASHI [JP] 1-8,
ET AL) 14 August 2014 (2014-08-14) 11-1
abstract; figures 1-14
paragraphs [0031], [0050]
X DE 17 63 591 Al (LICENTIA GMBH) 1-4,14,
5 January 1972 (1972-01-05) 15
the whole document
- / -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

1 September 2016

Date of mailing of the international search report

09/09/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Ganchev, Martin

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2016/065165
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2013/119819 Al (LENDENMANN HEINZ [SE] 1-15

ET AL) 16 May 2013 (2013-05-16)
abstract; figures 3, 4
paragraphs [0010] - [0016]

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2016/065165
Patent document Publication Patent family Publication
cited in search report date member(s) date
JP 2000092762 A 31-03-2000  NONE
US 2014225470 Al 14-08-2014  CN 103997144 A 20-08-2014
JP 2014158331 A 28-08-2014
US 2014225470 Al 14-08-2014
DE 1763591 Al 05-01-1972  NONE
US 2013119819 Al 16-05-2013  BR 112013000090 A2 10-05-2016
CN 102986123 A 20-03-2013
EP 2589135 Al 08-05-2013
JP 2013529887 A 22-07-2013
KR 20130028142 A 18-03-2013
US 2013119819 Al 16-05-2013
WO 2012000561 Al 05-01-2012

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - wo-search-report
	Page 25 - wo-search-report
	Page 26 - wo-search-report

